An approach to estimate the parameters needed to describe the performance of a column packed with BioSep TM beads is presented. These parameters, which characterize the transport of materials through the column, have been estimated from experimental residence time distribution (RTD) data using both porous and non-porous beads. A laboratory-scale column was used to obtain the experimental data using several ionic species.
Introduction
There is an increasing interest in utilizing biocatalytic systems for environmental remediation. Often, however, increased productivity can be obtained if these biocatalysts can be immobilized on a support matrix. One such support matrix that is reported to be very effective for groundwater remediation applications is the BioSep bead manufactured by DuPont (Camp et al., 1994) . These spherical beads, engineered from a composite of 25% polymer and 75% powdered activated carbon, have an extensive internal macroporous structure and retain the PACs adsorptive properties. The macroporous structure of the beads enables microorganisms to colonize throughout the internal volume of the bead, while a microporous membrane limits leakage of microbial colonies to the external environment (Turick et al., 1997) . Reactants diffuse into the support matrix and react or adsorb, and products are either immobilized within the bead or diffuse back into the bulk liquid from the bead.
The efficient design, operation, and scaleup of such systems require a detailed knowledge of bed porosity and dispersion characteristics. Further, an understanding of the rates at which mass is transferred from the bulk fluid to the interior of the bead is necessary. Finally, it is important to be able to accurately forecast these effects through predictive reactor modeling. To our knowledge, there is no published work that reports the measurement of dispersion and mass transfer of liquids through columns packed with BioSep TM beads or similar biocatalyst matrices. Hence, our objective is to present an approach to estimate these parameters based on experimental data for the residence time distribution (RTD) of various ionic species. This method is also applicable to other porous microbial support matrices.
Two separate experiments were performed. The first, designed to allow the determination of bed dispersion coefficient and porosity while minimizing mass transfer effects, was conducted with beads that were made nonporous by coating the surface. The second experiment used regular uncoated beads, for which mass transfer from the bulk fluid to the interior of the bead was also significant. The outlet concentration of the species was monitored as a function of time in order to determine the RTD in the column. The RTD data from the coated beads was used to estimate the axial diffusion coefficient and bed porosity. Once these parameters were estimated, the RTD in the column with uncoated beads was then used to estimate the mass transfer coefficient of the species into the beads.
Materials and methods
Column description A laboratory-scale column 21-cm in length was used in the experiments. A simulated groundwater medium with the following composition was pumped through the column: acetate (200 mg/L), chloride (200 mg/L), nitrite (100 mg/ L), nitrate (150 mg/L), phosphate (600 mg/L) and selenite (50 mg/L). The column was operated at a flow rate of Biotechnology Techniques, Vol 12, No 12, December 1998 , pp. 913-918 © 1998 Chapman & Hall Biotechnology Techniques ⋅ Vol 12 ⋅ No 12 ⋅ 1998 0.93 ml/min. The cross sectional area of the column was 4.90 cm 2 .
Coated beads
For determination of axial dispersion parameters, the BioSep TM beads were coated to eliminate diffusion of the tracer species into the beads. The beads were dried in an oven at 80°C, and an epoxy-based paint was then applied by aerosol spray onto a single layer of the dry beads. The beads were agitated while drying to prevent the formation of clumps, and in order to help distribute the coating over the surface of the beads. This procedure was repeated until microscopic examination showed that all of the bead surfaces were thoroughly coated and no external pores were open to diffusion. The coated beads were then packed into the test column.
Uncoated beads
To determine pore diffusion parameters, uncoated beads were used to pack a column identical to that used for the coated beads. The flow rate used was the same as in the case of coated beads.
Column operation RTD data was generated by performing a step change in the inlet concentration to the reactor. A fraction collector (Eldex model U-200) was used in all the experiments to collect column effluent at preset time intervals.
Analytical protocols
The anion concentrations were measured using a Dionex DX 500 ion chromatograph, equipped with a CD20 conductivity detector. Anions were separated using a 4 mm AS12 column, protected by a 4 mm AG12 guard column. The eluent used was a 40% solution of 2.1 mM Na 2 CO 3 and 0.8 mM NaHCO 3 in nanopure water.
Selenite concentration was measured on a Thermo Jarrell Ash Inductively Coupled Argon Plasma (ICAP) spectrophotometer, Model 61. A two-point calibration was performed prior to sample analysis. Standards used for calibration were a blank consisting of simulated groundwater, and a 50 mg/L selenite sample in the simulated groundwater medium. The data obtained with the use of 
